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b f d and and Clay Unde r undrained SYNOPSIS: Cyclic hollow cylinder tests have een per orme on s 
conditions. In order to point out the effects of the rotation of principal axes, a constant axial 
stress is maintained during the application of torsional shear. 
on this stress path, the behaviour of the two materials is studi~d in terms of stress-strain 
relationship, pore pressure, failure criterion and also rotation of straln principal axes. 
INTRODUCTION 
The rotation of principal axes is a fundamental 
aspect of soils, specially when seismic 
sollicitations are applied. This phenomenon can 
be simulated in laboratory using hollow cylinder 
specimens where the application of a torque 
provides a continuous rotation of the principal 
stress directions. 
Cyclic torsional shear tests have been performed 
in the past by Towhata and Ishihara (1985) on 
different stress paths, including pure torsional 
shear or cyclic test with circular rotation of 
the principal stress axes; and Richer (1987) on 
Ko-consolidated Edgar clay. 
Our tests, on Hostun RF sand and also kaolinite 
P300, have been achieved on particular loading 
paths: first triaxial compression and then 
cyclic torsional loadings, both under undrained 
conditions. Two of them will be presented here. 
EXPERIMENTAL SETUPS 
The two different hollow cylinders have 
developed in the Geomaterials Laboratory 
by Golcheh (1986) and Kharchafi (1988) 
1-The total stress path. 
been 
(LGM) 
The loading path can be described in the plane 
torsional shear-axial deviator in three parts: 
first the sample is consolidated 
isotropically in the cell, then we apply an 
undrained triaxial compression which will 
constitute the starting point of the cyclic 
tests; 
- then the tests are continued with two-way 
cyclic torsional shear, under undrained 
conditions, with a constant strain rate (low for 
clay), while the axial stress and the cell 
pressure are kept constant; 
- if the failure doesn't occur yet, the tests 




From the tests which have been achieved on both 
kaolinite and sand, three specific ones have 
been excerpted: 
Nature ere I era-era "tmax ct.er 
kPa kPa kPa 0 
Clay AK05 500 50 50 32 
Clay AK06 500 50 00 
Sand SA0407 200 150 100 27 
The test named AK05 has only three torsional 
cycles; it will be compared to reference test 
AK06 which hasn't undergown the cycles. Five 
cycles have been accomplished on test SA0407 
(dense sand, e 0 =0.68) 
TESTS RESULTS 
!-Effective stress path. 
The application of a torsional shear not only 
reorients the principal stress directions, but 
also leads the sample to a three-dimensional 
stress state. This state can be represented in 
the three-dimensional axes, ("'C, p', era-era>, 
figure 0 . 
For more accuracy, we will use two planes: 
("'C,p') and the projection of the effective 
stress path on the octahedral plane. As the 
effective mean pressure changes during the 
tests, this projection is obtained by mutiplying 
the deviator stress by the ratio between the 
initial mean pressure and the current mean 
pressure. 
The monotonic test on clay (AK06) provides a 
linear effective stress path, and the failure 
happens at 39.5° of stress rotation (b=0.41). 
Then the torque is unloaded and the path becomes 
non linear. For the cyclic test AK05 (fig 1c), 
we superimpose the experimental data with the 
Lade's failure criterion, obtained with 
isotropical consolidated samples whose friction 
angle in triaxial compression is 21°. 
Failure criterion p· 
Undrained cyclic stress path 
Figure 0: Effective stress path. 
2-The evolution of pore pressure. 
The test performed on clay shows us (fig lb) 
that the pore pressure always increases during 
the cycles, but this augmentation decreases with 
the number of cycles. The material is still 
contractant (by analogy with the drained 
behaviour). The evolution of pore pressure 
changes when the accumulation of pore pressure 
oversteps the maximal level reached by the 
monotonic test. 
Though the pore pressure increases during the 
three cycles, it almost follows the monotonic 
curve. Beneath a level of shear strain or 
stress, which hasn't yet been determined 
exactly, the torsional loading succeeding to the 
cycles erases the memory of clay. 
The same behaviour is observed in the 
(fig lc), and also in the plane (~,p') 





The test SA0407 conducted on dense sand reveals 
a global increasing of the pore pressure (fig 
2b), though for each cycle it increases and then 
decreases, phenomenon due to the contractancy 
and dilatancy of dense sand under drained 
conditions. The differences between each cycle 
tend to diminish and stabilization seems to 
occur during the last cycles. 
For all the tests, the accumulation of pore 
pressure induces a decreasing of the mean 
effective pressure during the torsion shear 
cycles; fig ld and 2d reveal a progressive shift 
towards the low mean effective pressure. 
However, p' can never tend to zero (fig ld, 2d). 
So following this stress path, the liquefaction 
cannot happen. On tests AK05 and SA0407 one 
observes a stabilization of the torsional 
cycles, different for sand and clay: the low 
level of torque applied to the kaolinite doesn't 
allow the generation of hysteresis loops in the 
(~,p') plane which are obtained on sand. 
192 
The Lade's failure criterion has also been 
plotted in this representation. It enforces the 
experimental results: the constant axial stress 
prevents the liquefaction of the material. On 
the opposite, a triaxial extension conducted on 
SA0407 after the cyclic loadings proved that 
liquefaction is possible on loose sand only by 
unloading the axial stress. 
3-Shear stress-shear strain relationship (fig 
2a, 2b). 
Corresponding to the level of torsional shear 
stress, two behaviours have been observed on 
both clay and sand. First the phenomenon of 
stabilization for low amplitudes: the cyclic and 
permanent shear strains are stable; on the other 
hand these strains increase significantly with 
the amount of cycles, for those which develop a 
great level of torsional stress. 
Finally, test SA0407 
the stress-strain 
(negative strains), 
effects of the first 
(fig 2a) clearly shows that 
curves move to the left 
which may be due to the 
torsional loading. 
4-Rotation of principal axes. 
The combinaison of constant axial stress and 
torque provides a continuous rotation of stress 
and strain principal axes. Fig 2c represents the 
angle of principal stress directions ct.~ versus 
the angle of principal strain axes ct.E, which are 
given by: 
tan (2ct.~) 
As the tests are stress-controlled, the 
amplitude of ct.~ still remains constant. However, 
we see that ct. € decreases during the cyclic 
loadings. So we can say that this loading path 
induces a reorientation of the strain principal 
axes, from high rotations to low angles with the 
vertical direction. In other words, the axial 
strain becomes more and more significant during 
the torsional cycles. 
For several tests, the failure occured with 
shear bands far less inclined than for monotonic 
tests. 
CONCLUSIONS. 
The cyclic torsional shear tests lead to the 
following experimental conclusions: 
1-The pore pressure globally accumulates during 
the cycles, even with dense sand, whatever the 
level of the torsional shear stress is; 
2-There is a threshold of stabilization of the 
behaviour. Over this level, the two-way 
torsional cycles bring the sample to failure; 
3-The coupling effects between axial and shear 
strains are emphasized by the torsional cycles; 
the strain state at failure is approximatively 
the same as the state given by a classical 
triaxial compression; 
4-The mean effective pressure decreases during 
the cycles, but the sample never liquefy because 
of the initial axial deviator applied by the 
previous triaxial compression; 
5-The test AK05 proved that the strength of 
kaolinite is not modified by a few number of 
cycles or after the stabilization of the 
behaviour. An isotropic criterion, for example 
Lade's one, can fairly well represent the shear 
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rotation of principal stress axes 
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Figure 2d: Cyclic results of Hostun RF 
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